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Abstract 


In this paper, we presented the extended study of the 2-symbolic plithogenic numbers, where we studied the square 
root of a 2-symbolic plithogenic real number and 2-symbolic plithogenic real polynomial. In addition, this paper is 
considered a generalization of the result that was presented in On the Refined AH-Isometry, which it presented 
one solution for the square root of the 2-symbolic plithogenic real numbers but we discussed all possible solutions 
when solving 2-symbolic plithogenic equation. 
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1 | Introduction 


The genesis, origination, formation, development, and evolution of new entities through dynamics of 
contradictory and/or neutral and/or noncontradictory multiple old entities is known as plithogenic. 


Plithogeny advocates for the integration of theories from several fields. 


We use numerous "knowledge" from domains like soft sciences, hard sciences, arts, and literature theories, 
etc. as "entities" in this study, this is what Smarandache introduced, as he presented a study on Plithogeny, 
plithogenic set, logic, probability, and statistics [2], in addition to presenting introduction to the symbolic 
plithogenic algebraic structures (revisited), through which he discussed several ideas, including mathematical 
operations on plithogenic numbers [1]. Also, an overview of plithogenic set and symbolic plithogenic algebraic 
structures is discussed by him [3]. It is thought that the symbolic n-plithogenic sets are a good place to start 
when developing algebraic extensions for other classical structures including tings, vector spaces, modules, 
and equations [4-7]. Also, many other extensions and algorithms in cryptography were presented in [11-12]. 


Alhasan also presented several papers on calculus, in which he discussed neutrosophic definite and indefinite 
integrals. He also presented the most important applications of definite integrals in neutrosophic logic [8-10]. 


Many papers [13] were published about neutrosophic and symbolic plithogenic. 
2 |Main Discussion 


2.1 | The Square Root of the Symbolic Plithogenic Number 


First, let’s compute the square root: ./Ay + a, P, + A2P2 ; ap = 0,a9 + Az = 0,a9 +a, +azp=0 
af Ag + a, Py + azP> = Xo + XP, + X2P2 
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Where X9,X1,Xz2 are real unknowns that we need to find out. 
By raising both sides to the second power, we get: 
Gg + a,P, + OoPs = Wot ei + X2P2)? 
Ay + A,Py + AyPz = (Xp + XyP1)* + 2(Xo + X1P1)(X2P2) + (%2P2)? 
ig 4°04 Py 4G Py = X57 + 2x9 P) HOEY 2+ MPO GP) + O6Ps)" 
fig 4:04 P, + GaP, = X57 + 2xgxyP, 4x7 Py + 2X gy XaPo + 204 x5 Po + x57P, 
fig +04 P, + agPy = X97 + i? + 2x5%1) Pi + ta? + 2xgXo + 201%.) Po 
Whence: 
Ma" = Ag 


x? + 2X 9X4 = ay 
X57 + 2XX2 + 2X4X2 = az 


Xp = £/ Ao 
=> xy? + 2X0 X4 = ay (1) 
og + 2X 9X2 + 2X4X2 _ az (2) 
Case 1:X9 =.4/Apg by substituting in (1) 
i + 2./AgX41 = ay = 0 
A= 4ao + 4a, 
Then: 


—2,/Ag + 2,/ag +a 
Sa ae age 
=2J/dy = 2./ay + 
x, = = tg - [Ag + Ay 


> For x, = —,/dap + ,/ag + A, we substitute in (2) 
bg + 24) AgX2 + 2(—./ao + 4/ Ag + ay) Xz = az = 0 
7 +2 Ag + A, Xz -— a, = 0 


A= 4(do + ay) + 4az = 4 (do + ay + Az) 


Then: 
a maa Oe a TET Oe ery a ea 
xy = NT 8 fata - aq tate 
Hence: 
Va + ayP, + a2P2 = fq + (—Vao + Jao + a1) Py + (—y/a0 + ay + do + ay + G2 )P2 
Or: 


= fay + (—fag + fa + 01) Py + (—fag + ay — fag + a4 + 02) P, 
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> For x, = — Jd — ao + a; we substitute in (2) 
ae + 2,/ Xz + 2(—./ao = 4/ Ao + Ay )xX> = az = 0 


X22 - 2 Ag + ay X2 — Az = 0 


A= 4(do + ay) + 4a, = 4(ag + ay + az) 


Then: 
2,/Ap9 ta, +2,/a> +a,+a 
as ha ~ Slay ay +g a 
2,/Ap +a, —2,/ag ta, +a 
xy = SD = Jig Fy Ap + a, + a2 
Hence: 


Vf Ap + a,P, + a2P2 = a + (—,/ao - af Ag + a1) P, + (,/ao +a, t+ ./ajp tay t+ az )P» 


= fd + (—y/@g — dp + 21) P, + (fag + ay — dy + a, + a2) Pr 


Case 2: Xp = —./Ag_ by substitution in (1) 


x1” — 2,/agx, — a, = 0 
A= 4ay + 4a, 
Then: 
> For x, = fp + ap + a we substitute in (2) 
X22 — 2,fagx + 2(.fa9 + ao + a; )x2 — a2 = 0 


Xe? +2 Ag + A, Xz - a, = 0 


A= 4(dag + ay) + 4az = 4 (do + ay + az) 


Then: 
—2,/dg ta, +2,/ag ta, +a 
= ors — us 2 =— Jay +a, + Ay +a, + az 
—2,/dyg ta, —2,/ag +a,+a 
Le Og Ap +a, + az 
Hence: 


Ap + a,P,; + azP2 = — Jao + (/ao + {Ag + a1) Py + (—Jao +a, +./ag tayt az )P2 


Or: 


= — fag + (fa + fap + 01) Py + (—fag + a, — fag + a, + a2) P2 


> For x, = ./ag —4/Ag + A, we substitute in (2) 
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Xg? — 2,/dgx%z + 2(,/ay — «ao + 21)X2 — a2 =0 
X22 — 2 Ag + ay Xz — az = 0 


A= 4(do + ay) + 4a, = 4(ag + ay + az) 


Then: 
2,/Ayp ta, + 2,/ay9 ta, +a 
ky = SS = fig Fy + ay ay eas 
2,/Aj9 +a, — 2,/dg ta, +a 
oe Y a Fay “lag Fa ey 
Hence: 


Ap + a,P, + a2P2 = — fa + (ao - {Ag + a) P, + (,/ao +azyt+.ajp ta,t+ az )P2 


= —Ja9 + (/@9 — dp + 41) P, + (,/a9 + a4 — ay + a, + a2) Pr 
The eight results are: 
(Xp, %1,%2) = (fap . ap + y/ag + G1 dy + ay + Ay + a, + Az), (fag ,—f'a 
+ [dg + ay ,—-y/dp + a, — fap + a, + a2) 
(fo s/o — Go + G1 s4/aq + a, + f/@q + 4 + 2), (4/9 ,—/Gg — fag + G1 14/9 + 2; 
— [ay + a, + a2) 
(—,/ao . fo + fa + a1, -y/ao + a, + a9 + ay + a2), (—Yao ao + ao + a1 ,—sf/a9 + a4 
— Jay + a, + a2) 
(=,/ ag (Ap — fo + G1 1 4/aq + a, + 4/9 + ay + Az), (Hyg » [Gq — fA + G1 14/9 + ay 
— [ay + a, + a2) 


Because we ate now calculating the square root of a symbolic plithogenic number (according to classical 
analysis), we only take the result with a positive value, hence: 


{Ag + A,P, + AzP = fay + (— fay + fap + a1) P; + (—ag + a + Ay + a, + az)P, 
Clearly: [ag => 0,-./ag + fap + a, = 0 and —JfAp +a, +A +a, +az,20 


However, when we solve the symbolic plithogenic number equation, we take all eight results. 


Example 1 


Let’s find: ,/1 + 3P, + 12P, 


V1l+3P, +12P, = x9 + xX, P, + XP 


By raising both sides to the second power, we get: 
1+ 3P, +12P, = (x) + x1P, + x2P2)? 
1+ 3P, +12P, = (Xp + x4P,)? + 2(X%o + x4 P1)(x2P2) + (x2P2)? 
1+ 3P, + 12Py = xp? + 2%5%.P) + OB)? + 209 + MP GP.) + OP)" 


d+ SP, + 12Py = xo? + 29x Py + 47 Py + 2x9 XgPy + 2x4 X2Py + X27 Po 
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1+ 3P, + 12P, = X57 + Gea? + 2x9x Py + (a? + 2x0 Xo + 221%) Po 
Whence: 


Xo? _ 1 
‘uae + 2X9X4 = 3 
Ne + 2X9X2 + 2X4X2 = 12 


Xo = +1 
=> 47 + 2X0X1 _ 3 (1) 
iF + 2X 9X2 + 2X4X2 = 12 (2) 


Case 1: Xp = 1 by substituting in (1) 
x7 + 2X4 —3=0 
(x, — 1) + 3) 


Then: 
xy = 1 
xy = -—3 


> For x, = 1 we substitute in (2) 
X27 + 4x, -12=0 
(x4 = 2)(x%4 + 6) = 0 


Then: 
X2 = 2 
cs = —6 


Hence: 

J1+3P, + 12P, =1+P, + 2P, (Accepted) 
Or: 
=1+P,—6P, (Rejected) 


> For x, = —3 we substitute in (2) 
X27 — 4x. -12=0 


Then: 
X2 = —2 
x2 =6 
Hence: 
VY1l+3P,+12P, =1—3P,—2P, (Rejected) 
Or: 


= 1-—3P,+ 6P, (Rejected) 


Case 2: Xg = —1 by substitution in (1) 
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x17 —2x,-3=0 
(x, — 3)(x, +1) =0 


Then: 


x,=3 
camer 


For x; = 3 we substitute in (2) 
Xo? + 4x5 —12 =0 


Then: 
X2 = 2 
X2 = —6 
Hence: 
VY1l+3P,+12P, =—-1+3P,+2P, (Rejected) 
Or: 


=—-1+3P,—6P, (Rejected) 


> For x, = —1 we substitute in (2) 
X27 -4x,-12=0 
(x4 _— 6) (x1 + 2) =0 


Then: 
X2 = 6 
s = —2 


Hence: 


J1+3P, + 12P, =—-1—P, + 6P, (Rejected) 
Or: 
=—1—P,—2P, (Rejected) 
Remarks 
As a particular case we can compute Pi + Po 
JP, + Po =xt+yl,+ Zl, 
By raise both sides to the second power, we get: 
Py + Pz = (x9 + 41 Py + x2P2)” 
Py + Po = (Xo + .X4P1)* + 2 (x + ¥1P1)(%2P2) + (%2P2)* 
Py + Py = X97 + 2x9%1P, + (44 P1)* + 2(%q + x1 Pi) oP2) + (x2P2)? 
Py Pa = xg? + 2Xo XP 4x7 Py + Axo eaPy + 2x XoPy + X27 Po 


Py + Py = X02 + (x12 + 2X91) Py + (x27 + 2x9xX2 + 2X1x2)Pp 
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Whence: 
Xa? _ 0 
bs + 2X9X4 = 1 
aes + 2X0 X2 + 2X4X2 = 1 


Xo = 0 
=> x" + 2X9 X4 = 1 
ce + 2XX2 + 2X4X2 i 1 


xo = 0 
=> xy —_ +1 
eae + 2X4 X2 = 1 (1) 
Casel: x; = 1 by substituting in (1) 
io + 2X2 —-1=0 


A= 8 
Then: 
—2 + 2V2 
X2 = 
—2 —2V2 
Sa a aeay 
2 
Hence: 
JP, + Po =P, + (-1+v2)P, 
Or: 


> Case 1: x, = —1 by substituting in (1) 


Xo? = 2%, —-1=0 


A= 8 
Then: 
2+ 2V2 
m= 142 
2—2V2 
Xo =———=1-v2 
2 
Hence: 
JP, + Pp = —P, + (1+ v2)P, 
Or: 


The four results are: 


(Xo,X1,X2) = (0,1,-1+ v2), (0,1,-1- v2) 


The Extended Study of the 2-symbolic Plithogenic Numbers 44 


(0,-1,1+-2),(0,-1,1-—~v2) 


Because we ate now calculating the square root of a symbolic plithogenic number (according to classical 
analysis), we only take the result with a positive value, hence: 


VP, + Pp = Py + (-1+V2)P, 
2.2 |The Symbolic Plithogenic Real Polynomial 


Definition: A polynomial whose coefficients (at least one of them containing P, or Pp or both P,, P2) are 
symbolic plithogenic numbers called symbolic plithogenic polynomials. 


Similarly, we may have symbolic plithogenic real polynomials if their coefficients are symbolic plithogenic real 
numbers. 


Example 2: 
© P(x) = 2x2 + (1+ 4P, — P,)x —1+ P, — 18P, 
© Q(x) =x? + (—11—9P, + 15P,)x? + 6lpx2 — P»x —14 + 15P, 
Example 3: 
Solve the equation: x2 — 36 — 45P, — 19P, = 0 
Solution: 
x? = 36 +45P, + 19P, 
Let’s find: ,/36 + 45P, + 19P, 
J36 + 45P, + 19P, = Xo + XP, + X2P2 
By raising both sides to the second power, we get: 
36+ 45P, + 19P, = (xp + xy P, + x2P2)? 
36+ 45P, + 19P, = (x9 + xP)? + 2(Xq + X14 Py)(X2P2) + (X2P2)* 
36+ 45P, +19P, = x97 + 2x9x1Py + (x1 Py)? + 2(x%q + x1 Py) (x2P2) + (x2P2)? 
364 45P, + 19P, = x97 + 2x9 xa Py + X17Py + 2xXpXoPs + 2x1 XoP> + x57Po 
36 +45P, + 19P, = x92 + (xy? + 2x 9xX1)Py + (x27 + 2xXqxX2 + 2x4X2)Po 
Whence: 


Xo- = 36 
x7 + 2X9X1 = 45 
xo + 2X 0X2 + 2X4X2 = 19 


Xo => +6 
=> 5 + 2X9X4 = 45 (1) 
vag + 2X9X2 + 2X4X2 = 19 (2) 


Casel: X9 = 6 by substituting in (1) 
a? + 12%, —45=0 
(x, — 3)(x, + 15) 
Then: 


45 Ahmad Alhasan, Y. | Plithogenic Log. Comp. 2 (2024) 37-48 


> For x, = 3 we substitute in (2) 
Xq? + 18x, = 19 = 0 
(x, -1)(%, +19) =0 
Then: 
{ X2=1 
X2=—-19 


Hence: 


J36 + 45P, + 19P, = 6+ 3P, +P, 
= 6+ 3P, —19P, 
> For x, = —15 we substitute in (2) 


Xq? = 18x, _ 19 _ 0 


Then: 
= 19 
X2 = -1 
Hence: 
/36 +45P, +19P, = 6—15P, + 19P, 
Or: 
= 6 — 15P, — P, 


Case2: X» = —6 by substitution in (1) 
x,7-12x,-45 =0 


Then: 
7 = 15 
xy = -—3 


> For x, = 15 we substitute in (2) 
X_? + 18x, -19=0 


Then: 
{ X2 = 1 
Xx, =—-19 


Hence: 


J36 + 45P, + 19P, =—-6 + 15P, + P, 
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Or: 


=G + 45P, =19P, 


> Forx, = —3 we substitute in (2) 
X,? — 18x, -19 =0 
(x, —19)(x, +1) =0 


Then: 
es =19 
X,=-1 
Hence: 
36+ 45P, +19P, = —6 — 3P, + 19P, 
Or: 
= -6—-3P,—P, 


Hence, we got eight solutions: 


x= /14+5)4,+3l =64+3P,4+P, 


Or: 
= 6+ 3P, —19P, 
Or: 
=6-—15P, + 19P, 
Or: 
= 6-—15P, — P, 
Or: 
=-—6+4+ 15P, + P, 
Or: 
= —-6+ 15P, —19P, 
Or: 
= —6-— 3P,+ 19P, 
Or: 
= —6— 3P, — P, 


First symbolic plithogenic factoring: 
P(x) = x? —36-—45P, —19P, = (x —6—3P, — P,)(x + 6+ 3P, + Po) 
Second symbolic plithogenic factoring: 
P(x) = x? —36—45P, —19P, = (x —-6—3P, + 19P,)(x + 6+ 3P, —19P,) 
Third symbolic plithogenic factoring: 
P(x) = x? —36—45P, —19P, = (x —6+4+ 15P, —19P,)(x + 6 — 15P, + 19P,) 


Fourth symbolic plithogenic factoring: 
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P(x) = x? — 36 —45P, —19P, = (x —6 + 15P, + P,)(x + 6 — 15P, — Py) 


Differently from the classical polynomial with real coefficients, the symbolic plithogenic polynomials do not 
have unique factoring! If we check each solution, we get: 


P(X) = P(x2) = P(X%3) = P(x4) = P(X%s) = P(%6) = P(X7) = P(g) = 0 
Let’s compute: 
P(x2) = P(6+ 3P, —19P,) = (6+ 3P, — 19P,)? — 36 — 45P, — 19P, 
= 36+ 36P, + 9P, — 228P, — 114P, + 361P, — 36 — 45P, — 19P, = 0 (True) 


P(x7) = P(-6+ 15P, — 19P,) = (-64+ 15P, — 19P,)? — 36 —45P, — 19P, 
= 36 — 180P, + 225P, + 228P, —570P, + 361P, — 36 — 45P, — 19P, = 0 (True) 
And so on for the rest of the results. 


3 | Conclusions 


This paper presented an extensive study on 2-symbolic plithogenic numbers, and its most important results 
were taking all solutions when solving the 2-symbolic plithogenic equation not just one solution as in the case 
of finding the square root of the 2-symbolic plithogenic number. 
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